The second generation antipsychotic agents, although exhibit superior safety profile, is associated with metabolic adverse effects including weight gain, diabetes mellitus and hyperlipidaemia. These adverse effects are not only the risk factors for cardiovascular disease and diabetes mellitus but may also impair patient's adherence to treatment. However, different member of second generation antipsychotics differ in their extent of metabolic adverse effects. The aim of the study was to evaluate the association between olanzapine, risperidone or quetiapine treatment and body mass index, blood pressure, diabetes mellitus and hyperlipidaemia in patients with Schizophrenia and Bipolar Disorder. Forty-four cases of Schizophrenia and Bipolar Disorder diagnosed with DSM-IV criteria were selected according to inclusion and exclusion criteria. Body weight, body mass index and blood pressure were measured at baseline, at the end of 4th, 8th and 12th weeks of treatment. Blood samples were collected to measure blood glucose and serum lipid profile at baseline and at the end of 4th, 8th and 12th weeks in the study group receiving treatment (olanzapine 20-30 mg/day, risperidone 4-16 mg/day and quetiapine 300-800 mg/day) after overnight fasting. Therapeutic use of olanzapine and risperidone in Schizophrenia and Bipolar Disorder for a period of 4th, 8th and 12th weeks was associated with significant increase in body weight and body mass index. Quetiapine did not cause significant changes in body weight and body mass index after 4 and 8 weeks. However, after 12 weeks treatment, body mass index increased significantly. Olanzapine, risperidone and quetiapine increased the blood glucose level significantly after 8 and 12 weeks treatment. Olanzapine and risperidone elevated the serum cholesterol, triglyceride and low density lipoprotein levels significantly after 4, 8 and 12 weeks. But quetiapine showed no significant change in lipid profile. However, olanzapine and risperidone significantly increased triglyceride level after 8 and 12 weeks. Amongst three drugs, quetiapine treatment increased high density lipoprotein level. Our study revealed that quetiapine treatment is associated with less risk of dyslipidaemia.
Introduction
Mental illness has reached to an alarming proportion over the globe and has become a vitally important issue for the nations in terms of morbidity, mortality and huge economic burden. Schizophrenia is the most common psychotic disorder. It affects 24 million people across the world 1 . Premature mortality, associated with major mental disorders, is primarily related to coronary heart disease. Such patients have a 2-3 fold increased risk of death, and this mortality gap associated with mental illness compared to the general population has widened in recent decades. [2] [3] Schizophrenia and Bipolar Disorder are associated with an increased risk for obesity related cardiovascular mortality. 4 In psychosis there is reduced central serotoninergic neurotransmission that results in increased food intake and weight gain and can contribute to increased storage of fat (in visceral adipose tissue) which leads to dyslipidaemia, hypertension, and increased risk for Type 2 Diabetes Mellitus and is, therefore, a key factor in the development of cardiovascular disease and associated mortality and morbidity. [5] [6] Framingham Heart study confirmed that in patients with obesity, diabetes, hypertension and dyslipidaemia, there is increased risk of cardiovascular disease and it has also been suggested to occur at a higher frequency in patients with Schizophrenia than in the general population (about 1.5 to 2 times greater). [6] [7] Two groups of antipsychotic drugs are available in the treatment of Schizophrenia and Bipolar Disorder: First generation antipsychotic (FGA) and Second generation antipsychotic (SGA) drugs. Chlorpromazine, haloperidol is the widely used FGAs. The primary disadvantage of firstgeneration antipsychotics is the lack of response to negative symptoms. Moreover, they show high rate of extrapyramidal side effects (EPSE). The superiority of the second generation or atypical agents like clozapine, olanzapine, quetiapine, risperidone, ziprasidone, palliperidone is most effective for reducing the risk of EPSE. For positive symptoms of schizophrenia, the effectiveness of these drugs appears to be comparable to that of older agents. [8] [9] [10] Recently there has been considerable interest and concern about the metabolic abnormalities associated with SGAs use 11 . Antipsychotics can lead to increased appetite by interfering with the dopamine reward system. Other causes such as disruption of hypothalamic regulation of glucose levels may be responsible for medication induced diabetes. 8 Transmission mediated by α-adrenergic receptors seems to have an effect on stimulation of appetite. Blockade of H1 receptors is involved in increased appetite and consequent weight gain 12 . Several antipsychotics block histamine receptors, and there seems to be a logarithmic relationship between affinity for these receptors and stimulation of appetite. Olanzapine is the drug which has got the highest affinity for H1 receptor. In addition, blockade of serotoninergic 5HT2C receptors also leads too increased appetite. [13] [14] Abnormalities in lipid metabolism have been shown to occur in patients treated with clozapine, olanzapine, quetiapine, risperidone or haloperidol. Olanzapine has been associated with significant increase in serum triglyceride levels and severe hyperlipidaemia 15, 16 . According to a recent US consensus statement, the SGAs vary in their propensity to cause obesity, hyper glycaemia and hyperlipidaemia, with clozapine and olanzapine showing the greatest effects, risperidone and quetiapine having intermediate effects, and aripiprazole and ziprasidone have lowest effects. Divergent results have been seen with risperidone and quetiapine. 11 All the members of the second-generation drugs are not equally implicated to cause metabolic adverse effects. This study therefore, was designed to investigate the extent to which monotherapy of olanzapine, risperidone or quetiapine, widely used drugs in patients with Schizophrenia and Bipolar Disorder affects body weight, blood glucose level and lipid profile. Patients with Schizophrenia and Bipolar Disorder of either sex with an age range between 18-50 years, diagnosed according to DSM-IV criteria taking either olanzapine, risperidone or quetiapine monotherapy were included in the study. Only patients who had a normal blood pressure, glucose level and lipid profile were recruited.
Materials and Methods
Patients with history of taking antipsychotic medications at least for last 30 days, those currently having diabetes mellitus, hypertension and hyperlipidaemia were excluded; Patients having serious cognitive deficit that causes disturbance of communication and associated serious infections or terminal illness were not included. Group A3 consisted of 9 patients, received quetiapine at a dose of 300-800 mg orally daily.
All patients were treated with respective drugs for a period of 12 weeks.
Prior to study, written informed consent was taken from the patients or care-givers.
Blood collection: With all aseptic precaution 5 ml blood was collected in K3EDTA (Tri potassium Salt of Ethylene Diamine Tetra Acetate) containing test tube. Fasting blood samples of psychotic patients were collected once on admission into the hospital before starting antipsychotic medications (olanzapine, risperidone and quetiapine) to measure blood glucose& serum lipid profile which were recorded as "baseline levels". Fasting blood samples were repeated again after 4, 8 and 12 weeks, after antipsychotic medications.
BMI was measured by Flier and Flier equation:
Blood glucose, serum cholesterol, triglyceride, low density lipoprotein and high density lipoprotein was analyzed enzymatically using commercial kits.
Statistical analysis:
All analysis was carried out with the help of Statistical Package for Social Sciences (SPSS-17). Values of age, blood glucose level and lipid profile were fed in the SPSS. One Way ANOVA was done to compare the baseline body weight, BMI, blood glucose and serum lipid profile amongst the study group. Mean values of body weight, BMI, blood glucose and serum lipid profile for all the four groups were determined for baseline, after 4, 8 and 12 weeks, were compared between 4 groups by using Repeated Measure ANOVA analysis.
Result
The average age of the study group was 28.8 ± 8.9 years of which 29 were male and 15 were female. 32 patients were diagnosed as Schizophrenia and 12 patients as Bipolar Disorder. Family history of mental illness was positive for 34% patients. Table I show the comparison of different parameters amongst the three groups at baseline. There was no significant difference in any parameters. 
0.054
Values are expressed as mean ± SD; REPEATED MEASURE ANOVA test was done to measure level of significance; *** significant at p ≤ 0.001=¥; p ≤ 0.01= £; p ≤ 0.05= €; p ≥ 0.05=☼,when the study group at the end of 4, 8 and 12 weeks was compared Table II illustrates the changes in body weight in different groups of patients, at different time interval. In olanzapine treated group, body weight increased significantly (p < 0.05) after 4 weeks, (p < 0.05) 8 weeks and (p < 0.01) 12 weeks; whereas overall change in body weight was significant (p < 0.001). While in risperidone treated group, body weight increased significantly (p < 0.05) after 4 weeks, (p < 0.01) 8 weeks and (p < 0.001) after 12 weeks; whereas overall change in body weight was significant (p < 0.001). While no significant change in body weight was observed after 4, 8 and 12 weeks, in quetiapine treated group, as compared to baseline; whereas overall change in body weight was significant (p < 0.001). Table - II also shows the changes in BMI. In olanzapine treated group, significant change in BMI was observed after 4 weeks (p < 0.05), 8 weeks (p < 0.05) and 12 weeks (p < 0.001); whereas overall change in BMI was significant (p < 0.001). While in risperidone treated group, BMI increased significantly (p < 0.05) after 4 weeks, (p < 0.01) 8 weeks and (p < 0.001) 12 weeks; whereas overall change in body weight was significant (p < 0.001).
In quetiapine treated group no significant change in BMI was observed after 4 and 8 weeks.
However, it increased significantly (p < 0.05) after 12 weeks, as compared to baseline. While overall change in BMI was not significant. 
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Values are expressed as mean ± SD; REPEATED MEASURE ANOVA test was done to measure level of significance; *** significant at p ≤ 0.001= ¥; p ≤ 0.01= £; p ≤ 0.05= €; p ≥ 0.05=☼,when the study group at the end of 4, 8 and 12 weeks was compared
In risperidone treated group significant rise (p < 0.05) was observed after 4 weeks, (p < 0.001) 8 weeks and (p < 0.001) 12 weeks; whereas overall change in TG was significant (p < 0.001). In quetiapine treated group no significant rise was seen after 4 weeks. However, significant rise (p < 0.01) was observed after 8 weeks and (p < 0.001) 12 weeks; whereas overall change in TG was significant (p < 0.001). Table-III shows the changes in serum LDL-C level. In olanzapine treated group, LDL-C level was significantly increased (p <0.05) after 4 weeks and (p < 0.01) 12 weeks; whereas overall change in LDL-C was significant (p < 0.05). In risperidone treated group, LDL-level significantly increased (p < 0.01) after 4 weeks, (p < 0.05) 8 weeks and (p < 0.01) 12 weeks; whereas overall change in LDL-C was significant (p < 0.01). In quetiapine treated group, no significant rise in LDL-level was observed after 4, 8 and 12 weeks of treatment; whereas overall change was not significant in LDL-C level. Table- IV illustrates the changes in serum HDL-C level. In olanzapine treated group, no significant change in serum HDL-C level was observed after treatment of any duration; whereas overall change in HDL-C level was not significant. In risperidone treated group, significant rise was observed (p < 0.05) after 12 weeks; whereas overall change in HDL-C level was significant (p < 0.05). While in quetiapine treated group significant rise (p < 0.01) was observed after 4 weeks, (p < 0.05) 8 weeks and (p < 0.05) 12 weeks; whereas overall change in LDL-C was significant (p < 0.05)
Discussion
Schizophrenia and Bipolar Disorders are lifeshortening illness with higher mortality rates. In recent decades, though SGAs are the drugs of first choice because of improvement in negative symptoms and lack of EPSE, they have certain effects on metabolic parameters like body weight, blood glucose and lipid profile, which may in turn increase the risk of morbidity due to cardiovascular diseases. Amongst the SGAs, divergent results have been found about the association of different members of SGAs and weight gain, hyperglycaemia and dyslipidaemia. In our country, no such study has been conducted to explore the association of metabolic adverse effects and use of SGAs. Therefore, the present study has been designed to assess the effects of olanzapine, risperidone and quetiapine on body weight, BMI, blood glucose and lipid profile in patients with Schizophrenia and Bipolar Disorder. Our study showed that after 4, 8 and 12 weeks of treatment with olanzapine or risperidone there was a significant rise in body weight and BMI from baseline. Whereas, quetiapine treatment caused significant rise in BMI after 12 weeks. However, whereas overall change in the effect on body weight and BMI was significant, in all the three groups with the exception of quetiapine on BMI. Consistent with this study, olanzapine treatment for 6 weeks in schizophrenic or schizoaffective disorder patients was found to cause significant increase in body weight and BMI. 18 Clinically significant weight gain is defined as ≥7% increase in weight (kg) from baseline. 20 In olanzapine-treated patients, clinically significant weight gain occurred faster in the olanzapine group after 12 weeks, 1 year and 2 years compared to the haloperidol group. 20 In our study, body weight was increased by 7.25%, 5.21% and 4.98% in quetiapine, olanzapine and risperidone treated group respectively, after 12 weeks of treatment. The relative receptor affinity of SGAs for dopamine, serotonin and histamine receptors leading to increased eating and weight gain have been suggested to be an underlying cause. 8, 12 In the present investigation, after 4 weeks treatment with risperidone and quetiapine there was significant rise in blood glucose level. After 8 and 12 weeks treatment all the three drugs significantly increased in blood glucose level; whereas overall change in blood glucose significant, in all the three groups. Several large population retrospective studies have found that olanzapine is associated with a significantly higher rate of diabetes than risperidone and quetiapine. 22 In another randomized prospective study blood glucose level was found to be significantly elevated after 6 and 12 weeks of treatment with olanzapine but not with risperidone. 19 A significant rise in blood glucose level was found with risperidone, in a crosssectional study. 26 Discrepant results have been found about the association of quetiapine and hyperglycaemia. 23 Increased blood glucose with SGAs treatment could be related to the weight gain or obesity which can in turn cause insulin resistance 17 .
The present study showed that after 4 weeks of treatment, olanzapine or risperidone caused significant rise in cholesterol, TG and LDL-C levels. The rise in cholesterol and TG was significant with both drugs after 8 weeks of treatment. However, risperidone also caused significant rise in LDL-C level after 8 weeks. 12 weeks' treatment with olanzapine or risperidone caused significant rise in cholesterol, TG and LDL-C levels; quetiapine did not cause any significant change in those parameters after 4 weeks of treatment. After 8 and 12 weeks' treatment with quetiapine only TG level was increased significantly. However, overall change in TG level was observed in all the three groups. Whereas, overall change in the effect on cholesterol, TG and LDL-C level was significant, in olanzapine and risperidone treated group. Change in HDL-C level with olanzapine was not significant at any duration of treatment. While risperidone increased HDL-C level significantly after 12 weeks. Interestingly, quetiapine caused significant rise in HDL-C levels after 4, 8 and 12 weeks of treatment. Whereas, overall change in the effect on HDL-C level, in risperidone and quetiapine treated group was significant. However, HDL-C levels in patients of all the groups treated with olanzapine, risperidone and quetiapine was below 40 mg/dl. Our findings regarding lipid profile are consistent with many other studies. In a randomized study that compared the atypical and typical antipsychotics, olanzapine was associated with significantly elevated mean cholesterol level after 6 weeks of treatment. 23 In a 14-week study, change in total cholesterol was assessed in 157 patients randomized to clozapine, olanzapine, risperidone, or haloperidol. There was a significant increase in mean total cholesterol at 8 and 14 weeks from baseline in case of olanzapine compared to risperidone. 11 Our study showed olanzapine significantly elevated cholesterol after 12 weeks. It was shown that risperidone treated group had a significant increase in cholesterol level after 6 weeks compared with clozapine. 16 In our study, cholesterol level increased significantly after 12 weeks in patients treated with risperidone. Divergent results have been found about the quetiapine induced hyperlipidaemia.
11
The present study showed that mean TG level increased to 66% in olanzapine treated group after 12 weeks. The findings are consistent with openlabel and retrospective data demonstrating a greater association of olanzapine and clozapine treatment than risperidone with increases in cholesterol and triglycerides; 25 Significantly higher LDL-C levels in risperidone treated group was found compared to clozapine. 16 Dyslipidaemia caused by SGAs in this study could be related to insulin resistance developing after weight gain and is associated with dyslipidaemic triad, "an increase in TG and LDL-C and a decrease in HDL-C" . 26 Divergent results regarding hyperglycaemia and dyslipidaemia with the use of different members of SGAs could be due to variation in sample size, duration of treatment, severity of disease, race, social class and extent of weight gain.
Conclusion:
The study concluded that quetiapine treatment is associated with low risk of dyslipidaemia, compared to olanzapine and risperidone. Further broad-based study is needed to confirm this finding.
